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EYDROOARBONS
,, STJMMARY
A newmethcxlfcmthesynthesisandpurtication& a 14-gallon
quantityof 1,2,4-trimethylbenzeneis’described.Thismethodcon-
sistsinthechloromethylationofq- andp-xylenes,subsequent
fomationofethyld3methylbenzylethers,andhydrogenolysisofthe
etherstoyieldthehydrocarbon.A yieldof35percentwasobtained
froma mixtureof~- and~-xylenesanda 25-percentyieldwas
obtainedfromcmmercialxylenes.Physicalpropertiesofthe“best”
gallonandoftheengine.sempleof 1,2,4-trhnethylbenzenear given.
EvidbnceIspresentedfortheexistenceoftwocrystallinernodifica-
tlonsof 1,2,4-trtiethylbenzenvi
,,
,.
lllTRODUCTION
., ..
me synthesisandpurificationf 1,2,4-trimthylbenzenewas
undertakenInconjunctionwitha programthat1sbeingconductedat
theClevelandlaboratoryoftheNACAonthestudyof ar&tic hydro-
carbonsaspossiblecomponentsofaviationgasoline.Thesynthesis”
of~-butylbenzencisreportedinpartI (reference1).
Onlytwoofthemethodsreportedintheliteratureforthe
synthesisof lj2,4-trtiethylbonzenewereconsideredto producethe
hydrocarbonsufficientlyfreeof itsiscmerstobe readilypurified
forenginetests.smithandLund(reference2)reporteda 37-Percent,
yieldfrom2,4-d@ethylani.line.Themethodreportedby theseauthors
involvedthepreparationf2,4-dimethyliodobenzeneby diazotization
oftheaminefollowedby additionofpotassiumiodideto thediazonium
saltsolution.Fromthe2,4-dlmethyllodobenzene,2,4-dimethylphenyl-
magnesiumiodidewaspreparedandcondensedwithdimethylsulfate.
Maxwell.andAdams(reference3) synthesizedthehydrocarbonfrom
2,4-dimethylbromobenzene(obtainedfrcmbrominationfpureq-xylene)
.
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h a simi.lgwmannerby condensing-dimethylsulfatewtt.h”the”G*i@~d””
reagent.Becau@thestartin~materialswereunavailablei.nsuf-
ficient--quantities,neitherofthesemethodsappearedsuitablefor
large-scalesynthesisofthehydrocarbon.
A newmethodforthesynthesisandpurification& 14gallons
of 1,2,4-trimethylbenzenefromreadilyavailablestartingmateria16
Isdescribedherein.Inb~ief,thesynthesisconsistsinthe
chlorzmethylationcd?xylenes,theconversionafdimet~lben~Yl
chlorldosobtainedtothecorrespondingethyldimethylbenzylethersj
andthehydrogenolyslsoftheethersto 1,2,4-trlmethylbenzene.
Thephysicalpropertiesofthehydrocarbonsaregiven,andevidence
isprlssentedfortheexi,stwnc-eoftwocrystallinemodificationsof
lj2,4-trimethylbenzeno.ThisworkwascompletedInApril1944.
DISCUWJONOFSYNTHESIS
.,
Chloromethylationofm- and~-xylwmsaccordingto theinethod
describedinreference4 gavegoodyields(60to 65percent)of
2,4-nnd2,5-dimethylbenzylchloridgs.Exploratoryworkindicated.
thatthereplacementCEthschlorineatomby anatomofhydrogen
couldbo successfullyaccomplishedin“twoway’itzryluldthedwsired
1,2,4-trimethylbenzene.Slowad&itionofthedimbthylbunzyl
chlorides,dilutedwith6 ,partsofan”inertsol.vent,c”mdium
dissolvedin liquidmmoniagavefrcm60-50 65-percentconvcmsion
to 1,2,4-trimethylbenzene.Althoughthismethodgavea goodproduct-
andyield,“itwaetime-consumingbecausesuitablequipmentfor
handlinglargequantiti.oeof liquidaumonlawasunavailable,
Anothermethod,andthoonochosenforlargo-scalosynthesis,
invol~;edthetreatmentoftheisomericUmothylbunzylChiorideswith
alcohc,lics“adiumhydroxidetoproducothoco.rro.spendingethyl
dimethylbonzylothers.Eigh-pressurehydrogonolysisat elevated
temperaturesovercopperchromituhydrogenationcatalystcleavedtho
ethersto give1,2,4-trimethylbcnzoneandethylalcoholfromboth
isomors.(Seeroforonco5.) Themethodofsynthesismaybo wm”=-
marizedschcunatlcallyasfollows:
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Thefirstchloromethylationru wasmadeusinga mixtureof
m- andp-xylenesobtainedfromonedi.atillationof c~ercial x~le_nes —
%“ough–a2-inchby 26-footmodifiedstainless-steelF nskecolumnof .——
100theoreticalp ates.A 2° cut(137°to139°C)wastakenas
startingmaterial.On subsequentrunscommercialxyleneswereused
directlyfromthedrumwithoutfurtherpurification.Theonly
observedifferencebetweenthefirstandthesubsequentrunswasa
decreaseintheyieldofthedimetkylbenzylchloridesobtainedfrcm
chloromethylationofthexylenes.Thisdecreaseinyieldwas
undoubtedlydueto thehigh-boilingmaterial(15to 20percent)in
thecommercialxylenes.Whenunpurifiedcommercialxyleneswere
usedas starting~terial,theover-allyieldofl,2,4-trimethyl-
benzenewasreducedfrom35to 25percentofthetheoretical.
Sinceitistheoreticallypossibleforthechloromethylatlon
ofm- andp-xylenesto yieldthreeiscmericdimethylbenzylchlorides,
whi=hgive-riseto threetrinmthylbenzenes,carewastakeninthe
purificationfthe1,2,4-trimethylbenzene.A singledistillation
ofthecrudeproductofhydrogenolysisthrougha mo&ifiedFenske
columnof100theoreticalp atesgavethedistillationa dtherefrac-
tiveindexcurves howninfigure1. Thesecurvesshcwno evidence
of1,3,5-trimethylbenzeneandfrom2 to-3percentof l,2,3-trimethyl-
benzene.The1,2,3-trimethylbenzenewaseasilyremovedby fractional
distillation.Thephysicalpropertiesofthethreetrimethylbenzenes,
presentedinthefollowingtable,indicatethattheisomerlctrtiethyl-‘
benzenescanbe detectedandseparatedfrom“the1,2,4-trimethylbenzene.
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1.5048 ().8757
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1.4991 l8653
The1,2,4-trWotl~.lbenzenewasfurtherpurified.by twomore
i’ractlonat-ionsthrcu~a columnof’100theoreticalp ates.Neither
theboilinflpointnorkh~indexofrefruotionwaschangedbutthe
freezin{<pointwanraised0.2°C. Thephysicalpropertlosofth~
“bust”sampleandofthfiengineselnpkpreparedat tlwCleveland
laboratoryarogl.veninthofollowin~tahlwtog&horwithproperties
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Figure2 ahowe,thQfreezing.cumeforthebestsampleof
1,2,4-trimethylbenzeneobtainedattheClovelsndlaboratory.l%u
,-
ourvefndicatosnonequili-briumconditions.Mostof thefrcmzing
curvesobtaino”datthislaboratoryfor”thisartitichydrocarbon
havebeensimilar,andthes&medifficulty’hgsbeenriotedl”n,tho.
literature.(Seereference7.) .. ;.,! “ “ : ‘: -“
,,,
,, ,.,,. . . .
.. ,.’‘
InndnuchasthG\;2,S=andthe1,3,5-trimothylbenzonesehave“’
boonfoundtoformmorethanonccrystallinem&liflcatlon(rbfer,~’
enco8):.anatttimptwasmadoto obtdinmorethenon~cry&allino‘.
modification& thel,2”j4-tr3n&hylbonzeno.F@re ~&o% the;,,
froozingcurvusobtain~dwhenthuhydrocarbonwaa“coolod.tithand
withoutsoudinghntilcrystallizationoccurrod.’‘T&oxititencoof
twodistinctplateaus(approximately5°C apart)inthocurve
obtninodwithoutseedingindicatbsthatti~o”crj%tallinemodifica-
tionsexistandthatthelower-meltingformistholeaststable‘of
thotwo.
.-
.. ... ~.-
., ,.
‘ EXHE31MENTALDE?TAIE3~ “
.,
.,,
A 14-gallon:quentttyof:’1,2,4-trimethylbenzencwatip&@ared“
accordingto thereactions.proviouslyoutlined.“Typicalquantities
ofthGreactantsandyieldsofthoproductsam giveninthafol-.
lowtngdiscussion. ~.,,, ,.~.
...” ,-!,-
,,,: ... . ----- —
Chloromethylationofqlone. - Ina 30-gallon@As$~lined””
reactorequippedwithstir!rcm, &s~dolivorytub~~tid.refl~~-on-- ““
&nsor connectedto a w&t& aspirator,15.9kiltigrtis(147moles)’-of
thedistilledxylenos(1370 to 139°”C),10@l&S “oftechnicalhydro-
chloricacid(cone.),an&I~3.5ki.iogr~s(122m-olee)of paro.fonnaldohydo
worumixedwithvigorous:stirring.Thomixtmrewasheatedtb a tem-
per:xtureof50°to 60°°Cbypassinghottiterthro~&hfheJacket”@
thoruhctor.Then7.9kildgrams(217moles)ofanhydl?oushytiogon
chloridewasslowlybubbledthrotight emixturovera’ptiriodof
12hours’Whiloa:temperaturoor 50°to 60°C endvig’orousstirring
woromaintained. ,,. ..
At thoend‘of12liotis,tho”ti~turewas’cooledto roomt~~per-
a.turoandtheacidlayerdrawnoff. Thesamo10gallonsofconcen-
tratedhydrochlorica idwasusedforoaclirun,
—
Theoillayerwas
thenwashedtwfcowithwatbrandoncewitha saturatedsolutionof
SOdiU?U bicarbonate.Thodimethylbenzylchloi?idosbtained”from
chloromethylationwerohi@ly’lachr~torjandcardwasusadin
hcmdlingthcm. No attwmpt,wnsmadoto separatothb;productfr~’~
thounroactedxylonesatthisstagG, ,- .. .. .1-, - .
6
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Conversionofldimethylbenzylch oridesto ethyldlmethylbenzyl
‘- In a stainless-steelr actx&,equippedwithstirrer,ether~.
—..
refluxcondenier, anddroppingfunnel,5.4kilograms“(136moles)of
technicaleodiumhydroxide“wasaddedslowlyto4 gallonsofethyl
alcohol.Cartiwas”talmntokeepthutemperatureb low70°C. The
d.imethylbenzy].chlorlde-xylencmixturewasaddedslowlytd tho
alcmhollcsodiumhy”droxidasolution,whilecontinuousagitationwas
maintatied.Therateofadditionwasad,~ustidtoWintalngontlm
refluxhgoftheetiylalcohol.Frcm4 to 5.hcn.&8wS~e”-lQuirodt-o-
addthedl.mothylbonzylchloride-xylenemixture,afterwhich”themix-
turuwasstirredunderrefluxfloran additional4“hours.At theend
ofthisperioda samplewas.withdrawn,.w~hed.freeofchloridesalts,
andtestedforhalidesby theBeilsteincopperoxidemethod.
‘~h~presenceofevensmalltracesofchloridesInthoethyl
dimethylkwnzylothtirspoisondthehydrogenationcatalyst.The
presenceofchlo~idesalsoled-~opol.ymer:.zationoftho ethyl
dimetihylbenzylethersat thehightemperatures$eacheddl.aringdis-
tillation.Thepreeencofcopperorcoppersaltsatitemperatures
as law&s89°tu 120°C ledto polymerizationd’thodlmtithylbenzyl
chlorideswiththeevolutionofhydrogan’chloridegas. Furthese
raaso~>scaruwastakm tiohavethe“ethyldimethylbonzylethersfree
of ch~oyidesbeforeattemptingdistillation,
In casethemat-cmialstillcontainedchlorides,additional
sodiumhydroxidewasaddwtandthetreatmentwascontinueduntilall-
tracoswereremoved.Therefluxcondenserwas,thenchangedfor
dcwnwmddistillationa dtheexcessethylalcoholdi@llled.Tho
rti~mai]l~ngoilWaSw~sh~dwith.~ateruntilfreeofsodiumchloridaazid
unreacted.sodiumhydroxide,anddistillationwascontinu6d.‘Iimfrac-
tiont~istillingbptwuen218°and235°C wasconsideredtobe ethyl
d~mtithylbmzylether.Theyield-ofthecrudeetherswqs65percent
d tht$th~oretical.,‘“basedonpar~ormaldehydeas thelim5.tlngfactor.
A snui.1emountofhi@-boilingresiduti“wasleftinthedistillation
poti;Thishigh-boiiingmaterialwasthoughtobe a mixtm”eof
polyethersresultingfrcmtheconversion”of polychlortiethylxylcnes.
Nc]attemptwasmadetoverifythissupposition.
1:,smallSSIIID1Ooftheisomericetherswasfurtherpurifiedby
fractionaldistillationthrou@a 3-footpackedcolumnforpurposes
of idmtifi~atlon:Theboilingpoint-ofthelsomericgixturowas
221°to 222 C at 750hillime~rsofmercury.Noattemptwaemade
toseparatetheieomors,but”a carbon,andhydrogenanalysiswas-.~
onthefractionattid~ttirial.Analysts- Cal.culatodf’or,C1lH1&O:
C, 80.49percent;H, 9.’75psrcfint,Fo~d: CJ 79,47J79.:46pefcent;
H, 9.79,9.7G”porcent~ . .
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H@rogegolyeis“~ft~~”’~~~l”~dbethylbenzyl‘ t.h~rs.- Thecrude
ethyld’imethylb,6nzyI,5k ~~ers”tiareconvertedbyhydrogeholysieto1,2,4-trimethylbenzene.‘“Th~8tidrog~nol~siswascarriedoutina
20-literbombUSing 4.3kilogr~ of the ethers and 150grsms(3per-
centbyweight)ofcopperchromitehydrogenationcatalyst.Hydrogen
wasaddedtoan initialpressureof15bO:potidsperaquara.inchat
25°C andthebombwasheatedto300°,C Astiapidlyaspossible;
msximumpressurereacheduringthb’r~was’2900:pbbnd9persquare
inch.Thereactantswerehelda-b3C)0°C withcontinuousagit~tion
fora periodof6 hours.Thoheaterswerethenturnedoffandthe
bombcooltidbyblowingairbetween%heheating~acketiindEIZ~-6ib.
,.,,
Afterthebcmb’liad’’cooledt“o’’roomte perature,theexcGss ‘
hydrogenwasexhausted,theproductremoved,andthecatalystsepa-
ratedbyfiltration.Threerunsworerequiredto cleavetheethers
producedfromtheconversionofthedimethylbenzylchlorides.The
productwasdistilledthrougha 2-inchby 12..footmodifiedFenske
columnof40 tha.oroticalplates.Thefractionboilingbetween
1.67.0°”and168j5°C at745millimetersd.merc~ waethenM.#tilled
twicetltdou~a 2-inchby 26-footrnodfliedFenskeoolumn of 100
theoreticalp ates.TheyieldM 1,2,4-trimethy~benz6ne.w,as60per-
, centofthetheoretical.b,asedonthycrudeethyldi.methylbenzyl
ethers-. 1. :L. ,’., .“.
,, ..:.
‘.
i Identifl.cationofbyproducts.-’Distillation.oftheproductof
hydrogenolysiegavefrom23to 25percehtby”we@t ofmat~rialdis-
tillingat 78°to 80°C. ‘l~js@torialwasident-tiiedas ethyl
alcohclby a positiveiodof.qzmtest“an~::d3,S:dinit%oben.zoatederiva-
tivewithsmelt.ingpo~ntof 92.5°to 93°C.”Atixture”ofthe
3,5-dinitrobenzoatederivati%witharauthen%icsampleofthis
materialgaveno.~oweringofthemeltingpoint Quantitativeanal-
ysisof thislow-boiling~ra~~lon”bytheac-et~lat”idnnmthoddescribed
inrefermce9 .tidicat~dtht at l&t”90 percentof thematerial
wasethylalcchol~-Calculationson amol.arbabisshowodthatwithin
experimental.crror1 moleofethylalcoholwasobtahiedforeach
moleofhydrogenat~dproduct:Wis fact,wa:.takenasfyrtherevi-
dencothattheproductotita~ged’$rbrnthe’“~+rn$tliyllknii’ylohloridas
wasthecorrespondingethyl.d~ethylbe-nzyl’,,dthersl:. “ “
,.,. “.
Analysisofthehigh-boilingdistillationresidueshowedthat
a smallsmountof l,2j4,5~~etrti6thylb6flz~n6(durene).waBalsopro-
duced.Thisqrodudtwas’stip&tiato&fr@ ~h6oilby’crystallization
andwaspurifiedby recrystallizationfromaqueousethylalcohol.
Themeltingpointof”thepue:~t&tiial”w&s79g.to8C@C. The
,. 3,6-dinitroderivativebfthe’hytidcmbm;rn~ttedat2W? to~05°C
afterrecryst&llizati&fro&,ethylq,lcohol.”The.meltingpoints
,.
.* ,..
*
..——
--—
-,
-.
repc)rtedinreference10me 79°C fordureneand205°C forits
dinitroderivative.The.”Presenceofdur6newasattr~butedto
dichlorcmethylatj.onofthexylenesandfailuretopurl& theethers
beforehydrogenolysis.
Theremaininghigh-boilingmaterialwascompletelysolublein
COICLconcentratedsulfuricacidandgaveno testforurisaturation,
lnd:Lcatingthatitwasaromaticinnature.Nofurtherattemptwas
madetocharacterizethismaterial.
AircraftEngineResearchLaboratory,
_.:... ..
. .
.! .,.,
.
1.
2.
National.AdvisoryCcmmitteeforAeronautics,
Cleveland,Ohio,August23,1945,
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